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ABSTRACT 
Background: Childhood overweight and obesity has increased as American 
diets have evolved to include fewer fruits and vegetables. It is important to 
evaluate the effect of dietary components on childhood overweight and obesity. 
Objective: To determine if a relationship exists between childhood overweight 
and obesity and fruit and vegetable intake. 
Design: A total of 70 children were followed through 5 years of age in a 
prospective cohort study. Demographic data, anthropometric measures, and 24-
hour dietary recalls were collected. Subjects were grouped by their Body Mass 
Index (BMI) percentile at age 5 as defined by the Centers for Disease Control 
and Prevention (CDC) standards. Pearson correlation coefficients were used to 
determine variables correlating with BMI percentile at five years of age. 
Results: Fruit and vegetable intake between 12 months and 5 years of age was 
not different among 5-year-old children grouped by weight category (healthy, 
overweight or obese). 
Conclusions: Few subjects consumed recommended amounts of fruits and 
vegetables during the study period therefore, it cannot be ruled out that low fruit 
and vegetable intake is a factor in overweight and obesity at 5 years of age.
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CHAPTER I 
Introduction 
Childhood overweight and obesity is a growing problem in the United 
States (US) and worldwide. Fruits and vegetables are an important part of a 
healthy diet and may be related to a decrease in risk of overweight and obesity in 
children. Indisputably, diet patterns have changed to include lower amounts of 
fruits and vegetables as childhood overweight and obesity has become more 
prevalent (1).  
There are many gaps in the current research regarding the connection of 
fruit and vegetable intake to childhood overweight and obesity. Few prospective 
studies exist; those that do have limited populations. The many cross-sectional 
studies available have conflicting and inconclusive results, possibly due to 
reverse causation and methodological errors (2). Studies reviewing preschoolers 
are limited as most articles discuss older child populations. Few studies 
regarding fruit and vegetable intake and childhood overweight and obesity have 
demonstrated the expected positive results, and those that have identified 
positive results are too broad in concept and limited in analysis to draw a 
concrete conclusion. 
Primary Research Question 
Does fruit and vegetable intake over time relate to Body Mass Index (BMI) 
percentile in 5-year-old US children? 
Secondary Research Questions 
1. How does BMI percentile change over time in 1-5 year old US children? 
 
2 
 
2. How do demographic variables and caloric intake relate to BMI percentile? 
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CHAPTER II 
Literature Review 
Articles were identified for inclusion in this review through a PubMed and 
CINHL search for studies and reviews looking at childhood obesity and its 
causes as well as dietary intake of preschoolers and children.  
Childhood Overweight and Obesity  
Currently the United States (US) assesses childhood weight status using 
the Center for Disease Control and Prevention’s growth charts released in 2000 
(3). For children over 2 years of age BMI is calculated by dividing weight in 
kilograms by height in meters squared. BMI is then plotted on the gender-
appropriate growth chart and a BMI-for-age percentile is calculated. Weight 
status for children under two years of age is determined using weight-for-length 
percentiles. Based upon the BMI percentile or weight-for length percentile, weight 
status is classified as underweight (<5th percentile) healthy (5th percentile to 85th 
percentile), overweight (85th to 95th percentile) or obese (≥ 95th percentile).  
During the past several decades Americans of all ages have become 
increasingly overweight and obese. The increasing prevalence of childhood 
obesity is concerning because it portends earlier onset of Type 2 Diabetes 
Mellitus and cardiovascular disease (4, 5) as well as increases the risk of 
developing many risk factors for chronic disease such as hypertension or 
abnormal glucose tolerance (6). Obesity prevention and treatment in preschool 
children is crucial because obesity during early development increases future risk 
of obesity and comorbidities like Metabolic Syndrome (7).  
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de Onis et al. (8) report recent obesity prevalence rates by analyzing 
cross-sectional data from national nutrition surveys of 144 countries. Using the 
World Health Organization (WHO) Child Growth Standards, global childhood 
overweight and obesity increased from 4.2% in 1990 to 6.7% in 2010, a relative 
increase of 60%.  Additionally, 14.4% of children aged 0-5 years are at risk for 
overweight.  
Overweight and obesity prevalence rates among young US children are 
even higher than the above international figures. Ogden et al. (9) examined 
2007-2008 data from the National Health and Nutrition Examination Survey 
(NHANES) and determined that 21.2% of 2-5 year-olds in the US were 
overweight, with a BMI for age 85th percentile. Of those children, 10.4% were 
obese with a BMI for age 95th percentile, 6.9% of whom had a BMI 97th 
percentile (9). The researchers concluded that during 2007-2008 obesity 
prevalence rates did not appear to be increasing for the population as a whole.  
Using NHANES data from 2009-2010 Ogden and colleagues completed 
another analysis of childhood obesity prevalence in the US. This data showed 
26.7% of 2 to 5 year olds were overweight (BMI 85th percentile), 12.1% were 
obese (BMI 95th percentile) and 7.9% had a BMI 97th percentile. This study 
also showed an increased prevalence of obesity among male children aged 2 to 
19 years and Mexican Americans. In reviewing rates of childhood obesity from 
1999-2010 the researchers determined childhood obesity prevalence has 
remained consistent in this decade across all age groups (10).  
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Obesity affects many American children, and thus, is an important public 
health issue. Etiology, prevention, and treatment of childhood overweight and 
obesity require the attention of researchers in many disciplines including nutrition. 
Fruit and Vegetable Recommendations 
 Fruits and vegetables are an important component of a healthy diet; thus, 
many governmental and not-for-profit agencies provide intake recommendations 
to the public. The United States Department of Agriculture (USDA) along with the 
Department of Health and Human Services (DHHS) revamped the American 
Food Pyramid in June 2011 to reflect current science-based recommendations 
for physical activity and dietary intake for each age and gender group based on 
the 2010 Dietary Guidelines for Americans. The new guidelines recommend 
children aged 2-3 years consume 1 cup of vegetables and 1 cup of fruit each day 
while children aged 4-8 should consume 1 to 1.5 cups of fruit and 1.5 cups of 
vegetables each day (11).  
 Some non-governmental agencies also provide fruit and vegetable intake 
recommendations for preventing chronic disease. The American Heart 
Association (AHA) recommends that all Americans over age 2 consume fresh, 
frozen or canned fruits and vegetables at every meal for prevention of 
cardiovascular disease. The AHA cautions against added sauces and sugar on 
fruit and vegetable dishes and recommends limiting juice intake. According to the 
AHA children aged 2-8 years should eat 1 to 1.5 servings of both fruits and 
vegetables every day (12). Similarly, The American Cancer Society recommends 
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all Americans replace foods and beverages high in calories, fat or refined sugars 
with fruits and vegetables for cancer prevention (13).  
Fruit and Vegetable Intake in the United States  
 Many researchers have attempted to quantify fruit and vegetable intakes 
in the United States. NHANES nutrition data are commonly used to assess 
dietary intake of the US population and are obtained using 24-hour recalls 
administered by trained interviewers (14). A study using 1999-2002 NHANES 
data by Lorson et al. (15) shows average daily fruit and vegetable intake for 
children aged 2-5 years are 1.29 cups and 0.76 cups, respectively. This age 
group consumes significantly more fruit but few vegetables than older children. 
The most common fruit and vegetable sources for children are 100% fruit juice 
and French fries, accounting for 38% of total fruit intake and 28% of total 
vegetable intake, respectively. Lorson and colleagues estimate 50.2% of 2 to 5-
year-olds are not meeting fruit intake recommendations and 78.3% are not 
meeting vegetable intake recommendations (15).  
Another study analyzed NHANES data from 2001-2004 and compared 
food group intakes to MyPyramid recommendations. Krebs-Smith et al. (14) 
converted data from 24-hour recalls collected at NHANES exam centers to food 
groups using the USDA’s MyPyramid Equivalents Database. When intakes were 
compared to MyPyramid recommendations, a majority of the population did not 
meet recommendations including a high percentage of young children. Children 
aged 2-3 years had the lowest rates of inadequate fruit intake among all age 
groups. Dark green vegetables, orange vegetables, legumes, and whole grains 
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were most likely to be consumed in amounts below intake recommendations. In 
this analysis, 31.5% of 2-3 year-olds and 62.9% of 4-8 year-olds were estimated 
to have a usual intake below minimum recommended intakes for total fruit. 
Similarly, 80.3% of 2-3 year-olds and 92.0% of 4-8 year-olds were estimated to 
have a usual intake below minimum recommended intakes for total vegetables. 
At the same time, 99.9% of 2-3 and 4-8 year-olds were estimated to have a usual 
intake above the maximum discretionary calorie allowance guideline for their sex 
and age. This high intake of discretionary calories could be displacing fruits and 
vegetables from the diet, resulting in intakes below recommended levels. 
Researchers hypothesized this dietary pattern may be related to the high 
prevalence of overweight and obesity in this population, although no analysis 
was completed to explore this hypothesis (14).  
The Feeding Infants and Toddlers Study (FITS) cohort has also been used 
to assess dietary intakes of US preschoolers. Children in this cross-sectional 
study were between 0 and 47 months of age, dietary intake was assessed with 
one 24-hour recall administered by phone. Data from 24-hour recalls were 
separated into food groups and fruits and vegetables were analyzed. Estimates 
of consumption were based solely on fruits and vegetables eaten as separately 
portioned items. Fruits and vegetables from mixed dishes, like lasagna or soup, 
were not included. According to Fox et al. (16), 69.7% of 2-3 year-olds consumed 
a separate portion of vegetables and 87% consumed at least one separate 
portion of fruit on the day of their recall. Cooked vegetables were more 
commonly consumed than raw vegetables, and 31% of vegetables eaten were 
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white potatoes. Whole fresh fruit was the most commonly consumed fruit, and 
58.9% of children drank 100% fruit juice. Notably, more children consumed 
sweetened beverages, deserts, and snack foods than separate portions of 
vegetables or fruits in a day (16).  
As evidenced by the above references, American children consistently 
consume fewer fruits and vegetables each day than recommended. According to 
previous research (9-12) this may lead to an increased consumption of high-
energy dense foods that lead to weight gain and increase risk for developing 
chronic disease. It may be especially important to evaluate and encourage fruit 
and vegetable intakes in young children because dietary habits are formed in 
early childhood (17). 
Fruit and vegetable consumption related to overweight and obesity 
Fruit and vegetable consumption is important for overall health and weight 
control; changes in fruit and vegetable consumption may be related to changes in 
BMI (1). Dietary patterns in America have changed in the last century to include 
more energy-dense foods and fewer fruits and vegetables (1). This and other 
factors are believed contribute to the obesity epidemic in American children.  
A limited number of studies have looked at the relation between fruit and 
vegetable intake and overweight and obesity in preschool children (18-26). Most 
studies comparing fruit and vegetable intake with overweight and obesity were 
cross-sectional and all contain limitations affecting generalizability. The studies 
are grouped here by dietary assessment method. Articles using 3-day food 
records, 24-hour recalls, and food frequency questionnaires are included. 
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Three-Day Food Record Analysis 
 
One cross-sectional descriptive study from Turkey analyzed dietary intake 
of public school children between 6 and 10 years of age with a 3-day food record. 
The study found obese children consumed an average of 104 kilocalories per 
day more than non-obese children. Obese children also consumed fewer fruits 
and vegetables than non-obese children, although both groups consumed 
insufficient amounts. While this study assesses diet through a more reliable 
measure than the Food Frequency Questionnaire or a single 24-hour recall, it is 
limited to Turkish children and its recommendations are based on the USDA 
Food Pyramid released in 1992. The study also does not adequately control for 
covariates, omitting parental income which has been shown to correlate with fruit 
and vegetable intake (27). 
Twenty Four-Hour Recall Analysis 
 
Studies using 24-hour recalls for nutrition assessment among the 
preschool population are limited as well. In a previously referenced study, Lorson 
et al. (15) showed that overweight children and adolescents consumed less total 
fruit and more French fries than normal weight children or those at risk for 
overweight. However, this analysis did not compare intakes by age, sex, or race, 
which are connected to overweight and obesity (9).  
 Vernarelli et. al. (28) used data from two NHANES cycles (2001-2002 and 
2003-2004) to evaluate the relationship between energy density and measured 
weight status in children aged 2-8 years. Results show lean children (BMI <85th 
percentile) in all age groups consumed lower energy-dense diets; and those with 
 
10 
 
low energy-density diets consumed twice as many fruits and vegetables as those 
with high energy-density diets.  
Food Frequency Questionnaire Analysis 
 
 FFQ assess intake over a long period of time, and thus, more accurately 
represent dietary patterns than a 24-hour recall, which measures intake on a 
single day. Newby et al. (25) published one of the few prospective studies 
assessing weight change and dietary intake. In this analysis, fruit and vegetable 
intake were not related to changes in BMI. While the prospective design of this 
study minimizes reverse causation, its population of predominately white children 
from North Dakota limits generalizability to other races and populations.  
 Similar to the US, increasing rates of childhood overweight and obesity 
and changes in dietary patterns are also of concern in Korea. Shin et al. (26) 
assessed dietary patterns and overweight and obesity in Korean preschool 
children in their cross-sectional study using a food frequency questionnaire. After 
controlling for confounders, a positive association between health status and a 
dietary pattern high in vegetable, seaweeds, beans, fruits, and milk and dairy 
emerged (26). While providing insight into dietary patterns, this study is limited by 
its subjects’ Asian-style diet. Also, the direct correlation between fruit and 
vegetable intake and childhood overweight and obesity cannot be derived 
because analysis is based on dietary pattern instead of individual foods or food 
groups. 
 Faith et al. (19) report an association between fruit juice intake and 
adiposity gain in their cross-sectional study of patients at the Supplemental 
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Program for Women Infants and Children (WIC) in New York state, also using a 
food frequency questionnaire. Researchers also reported that parental offering of 
whole fruit was associated with reduced adiposity gain in the at-risk/overweight 
children of their population (19). The data suggest that replacing energy dense 
foods with fruits may decrease the risk for overweight and obesity. 
 Research on fruit and vegetable intake and childhood overweight and 
obesity is limited by the fact that most studies are cross-sectional and studies 
have been limited in diversity. Dietary intake is often assessed only once and 
then compared to longitudinal assessment of BMI.   
 There is a need for studies that include multiple assessments of dietary 
intake and BMI assessments on the same child.  
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CHAPTER III 
Materials and Methods  
The DIAMOND (DHA Intake And Measurement Of Neural Development) 
study was a double-blinded, 2-phase, randomized, controlled, parallel-group, 
prospective trial to observe infants from birth to 18 months of age. The 
DIAMOND study was designed to determine the effects of infant formula 
supplemented with long-chain polyunsaturated fatty acids on visual and cognitive 
development and growth in term infants. The primary objective of the study was 
to determine visual evoked potential acuity with secondary objectives that 
examined formula acceptance and tolerance, weight gain, length gain, head 
circumference gain, fatty acids and vitamin E, stereoacuity, cognitive 
development, and language development to 18 months of age. After 18 months, 
children could enroll to follow-up with similar assessment from age two through 
six years.    
Ethics 
 The follow-up of the study, from two to six years of age, was approved by 
the Institutional Review Board Ethics Committee and the Human Subjects 
Committee of the University of Kansas Medical Center in Kansas City, Kansas, 
as a project (HSC #10205) stemming from the parent trial (HSC #9198): The 
DIAMOND Study: A Double Masked, Randomized Controlled Clinical Trial of the 
Maturation of Infant Visual Acuity as a Function of the Dietary Level of 
Docosahexaenoic Acid. Written informed consent was obtained from each 
subject’s parent(s) or guardian(s) and a copy of the signed written informed 
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consent form was provided prior to participation in the clinical trial. See 
Appendices A and B for copies of consent forms from both the original study and 
the follow-up study. Protected Health Information (PHI) was protected by having 
all information that could be linked to the subject in a locked file cabinet in a 
restricted access corridor of Smith West, University of Kansas Medical Center. 
Only study personnel needing direct access to PHI were allowed access to 
collected data. All subject records were coded with initials and numbers. No 
information or data were stored on a laptop or on the internet to prevent 
identification of subjects. The study was unblinded to the study Principal 
Investigators (PIs) after all children reached 18 months of age, but personnel with 
access to subjects did not know their assignment until all children reached six 
years of age.   
Research Setting and Subject Selection 
 The recruitment and enrollment of study subjects took place in prenatal 
clinics at two hospitals: Truman Medical Center (TMC) in Kansas City, Missouri, 
and the University of Kansas Medical Center (KUMC) in Kansas City, Kansas 
from September 2003 through September 2005. The study was conducted from 
September 2003 through October 2011.   
To be included in the study, infants needed to be healthy, singleton-birth 
term infants 37 to 42 weeks gestation, weighing between 2490 and 4550 grams 
at birth, and formula-fed. Infants were excluded if they received human breast 
milk within 24 hours of randomization or had diseases or abnormalities that could 
affect growth, development, vision, or cognitive function; or who did not tolerate 
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cow’s milk infant formula or had poor intake of formula. Infants were also 
excluded if they were born to mothers with HIV, renal disease, hepatic disease, 
diabetes, substance abuse, or other chronic illnesses or if the family had plans to 
move out of the Kansas City area within 18 months of enrollment.  
Training of Research Staff  
 The research staff and registered dietitians were trained to measure 
weight, length, height, and head circumference of infants and children using 
modules created by the US Department of Health and Human Services (29). 
Registered dietitians who had been trained to do assessments obtained the 
measurements.   
Staff were trained in conducting 24-hour dietary recalls using the Multiple 
Pass Method (30). The Multiple Pass Method used for 24-hour dietary recalls 
collected at the University of Kansas Medical Center consists of first allowing the 
parent or guardian to list all foods and beverages eaten by the infant and child 
the day before the clinic visit while the interviewer asks neutral probing questions. 
Second, the interviewer asks for details about all foods and beverages previously 
listed including amounts, ingredients and preparation techniques Third, the 
interviewer reviews the recall with the parent or guardian, probing for missing 
items (30). All staff members needed to achieve reliability in the Multiple Pass 
Method before they were allowed to obtain dietary recalls from study subjects. 
Research staff and registered dietitians were trained to use Nutrition Data 
System for Research (NDS-R)® to enter recalls for nutritional analyses. Staff 
entering dietary recalls into NDS-R® were required to reliably enter 12 
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standardized 24-hour dietary recalls of hypothetical subjects ranging in age from 
six weeks to six years with results within five percent of nutrient levels compared 
to master analyses prior to entering study data.  
Data Collection  
Data were collected and entered into Microsoft Excel spreadsheets, 
Microsoft Access databases, and the Nutrition Data System for Research 
software program by trained research staff and registered dietitians. 
Anthropometric measures and dietary intakes were assessed at each clinic visit 
occurring at 6 weeks, 4 months, 6 months, 9 months, 12 months, 18 months, 2 
years, 2.5 years, 3 years, 3.5 years, 4 years, 4.5 years, 5 years, 5.5 years, and 6 
years. For the purpose of this study only information from clinic visits at 12 
months, 18 months, 2 years, 2.5 years, 3 years, 3.5 years, 4 years, 4.5 years, 
and 5 years will be analyzed. 
Demographic Data  
Demographic data were collected through interviews and questionnaires. 
Mothers of infants enrolled in the study reported their education level, race and 
ethnicity, smoking status prior to and during pregnancy, hours of television 
viewed by child, and hours of television use at home, as well as other data.   
Mothers reported home address at time of enrollment. Income was 
determined using the subject’s enrollment zip code. Average income for 
enrollment year in the specified zip code was collected from the Mid-America 
Regional Council’s economic database (31). See Appendix C for the 
Demographic data collection form. 
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Anthropometric Data 
Anthropometric assessments were performed 6 times in year one and 
twice per year from 12 to 60 months. A length board was used to measure 
recumbent length, and a stadiometer was used to measure height.  
Body weight was recorded to the nearest gram (for infants and children 
less than 18 months of age) or ounce (2 to 6 years of age) with infants only 
wearing a dry diaper and children wearing no shoes. Until subjects were two 
years of age, body length was measured once to the nearest tenth of a 
centimeter with the subject held in a recumbent position with one person holding 
the subject’s head to contact with the fixed headboard and a second person 
holding the subject’s knees flat and feet with the toes pointing directly upward, 
while moving the footboard firmly against the subject’s heels. Height was 
measured once using a stadiometer at each visit between two and six years of 
age with the subject’s feet flat on the floor against the wall, looking straight ahead, 
without shoes.  See Appendix D for the anthropometric data collection form.  
Anthropometric measures from each clinic visit were used to calculate the 
Centers for Disease Control growth percentiles using Epi Info software (32-35). 
Weight and length/height measures were entered into the Epi Info software 
program to obtain weight-for-length and BMI-for-age percentiles. Epi Info 
software does not include an age prior to 24 months. At age two, 54 of 79 total 
subjects were 23 months of age and not exactly 24 months of age by their 
estimated delivery date (EDD). To accurately calculate the stature-for-age 
percentiles at age two, the 54 children were rounded to exactly 24 months of age 
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in Epi Info. Height was not recorded as length and was not recumbent. A t-test 
comparison of growth percentiles for subjects at 24 months of age and 23 
months of age was completed for a prior study (36) and no significant difference 
was found (p=0.9) between the two groups. Except for stature-for-age, the exact 
age of the child was used and only the 24-month-old children’s data were 
adjusted.  
Dietary Intake Data 
Dietary intake was assessed using a 24-hour recall collected from the 
parent(s) or caregiver(s) by registered dietitians trained by Dr. Debra Sullivan’s 
research team at the University of Kansas Medical Center during each clinic visit. 
Parents and caregivers have been shown to accurately report dietary intake of 
preschoolers (37-39). Foods and beverages consumed the day before the clinic 
visit (i.e. midnight to midnight the day prior) were recorded as well as meal or 
snack times, portion sizes, and brand names and ingredients used in food 
preparation. Dietary intake was assessed using descriptions and tools of 
household measurements including measuring cups and spoons, pre-portioned 
beanbags of several amounts and sizes, labeled cups, and square, triangle, and 
circle shapes for sizes of foods. All tools had a reference chart to determine 
exact amounts. See Appendix E for the 24-hour dietary recall data collection form.  
Dietary information from all clinic visits was entered into the Nutrition Data 
System for Research (NDS-R)® software program (v4.06_34 University of 
Minnesota, Minneapolis, Minnesota) and exported to NDS-R® version 2010 by a 
trained registered dietitian. Intake of food groups was reported from NDS-R® by 
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number of servings reported per day from each dietary recall. See Appendix F for 
a detailed list of the fruit and vegetable food groups and serving sizes. Recalls 
that were incomplete or determined to be unreliable were not used, including 
those missing one or more meals or with kilocalories (kcal) less than 40 kcal per 
kilogram (kcal/kg) or greater than 200 kcal/kg. See Appendix G for a list of 
excluded recalls. 
Analysis of Data  
 Income by zip code was calculated as mean ± standard deviation. For 
analysis, maternal smoking status was classified as never smoked, smoked but 
not during pregnancy, and smoked during pregnancy. 
 Calculated weight-for-height and BMI-for-age percentiles were used to 
categorize subjects as underweight (weight-for-height or BMI-for-age <5%), 
healthy weight (weight-for-height or BMI-for-age 5-84.9%), overweight (weight-
for-height or BMI-for-age 85-94.9%), or obese (weight-for-height or BMI-for-age 
95%) for each clinic visit (40).  
 Although the BMI-for-age charts begin at 2 years, only 25 of 79 subjects 
present for the 2-year clinic visit had BMI-for-age available. For this reason 
weight-for-height percentiles were used in analysis of subjects between 12 
months and 2.5 years of age and BMI-for-age percentiles were used for subjects 
between 3 and 5 years of age.  
  Using BMI-for-age percentiles at 5 years of age subjects were then 
separated into three groups: healthy weight, overweight, or obese based on CDC 
definitions. These groups were the basis of comparison for further analysis. One 
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participant had a BMI percentile classified as underweight at the 5-year clinic visit 
and was not included in the analysis.  
 NDS-R® Output 9: Food Group Servings at Daily Totals was used to 
determine fruit and vegetable intake. This output gives a total number of servings 
consumed of each food group for a particular day. Servings of food groups were 
transferred into Microsoft Access and then Microsoft Excel, where groups were 
combined to yield total servings of fruit, total servings of fruit not including fruit 
juice, total servings of vegetables, and total servings of vegetables not including 
French fries.  
 All data points were analyzed with Pearson correlation coefficients using 
IBM Statistical Package for the Social Sciences (SPSS)® 20. 
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CHAPTER IV 
Results 
The first phase of the DIAMOND study enrolled 159 subjects followed 
from birth to 18 months of age who were evaluated at 6 weeks, 4 months, 6 
months, 9 months, 12 months, and 18 months. Children whose parents 
consented to the DIAMOND follow-up study (phase 2) were followed for growth 
and developmental outcomes to six years of age and were seen at 2 years, 2.5 
years, 3 years, 3.5 years, 4 years, 4.5 years, 5 years, 5.5 years, and 6 years. A 
total of 70 children were followed from birth to six years of age. Because of the 
natural break in current literature regarding fruit and vegetable intake this study 
will evaluate data collected only on clinic visits between 12 months and 5 years 
of age.  
Demographics 
Table 1 provides the demographic characteristics of subjects enrolled in 
the original DIAMOND study and those enrolled through 5 years of age. Race 
and ethnicity categorized as “Other” represented 2 subjects of other European 
descent and 2 subjects of unspecified other race or ethnicity. 
The original study cohort was 54.1% female, 61.6% African American, 
29.6% Caucasian, 6.3% Hispanic, and 2.5% other race or ethnicity. Mean 
income calculated by zip code was $35,960 and mean maternal years of 
education was 11.93 years. Seventy subjects were followed through 5 years of 
age. Of those, a higher proportion were female (70.0%). Race and ethnicity 
distribution remained similar to the whole cohort with 24.3% Caucasian, 65.7% 
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African American and 7.1% Hispanic. Mean years of maternal education was the 
same in both cohorts at 11.97 years; however, mean income was lower in the 
five-year follow-up group at $33,672. 
Table 1: Subject Demographics 
  Original Study  5-Year Follow-up 
N 159 70 
Male [N (%)] 73 (45.9%) 21 (30.0%) 
Female [N (%)] 86 (54.1%) 49 (70.0%) 
Income by Zip Code 
[mean ± SD] 
$35,960 ± $12,935 $33,672 ± $10,053 
Maternal Education 
[mean years ± SD] 
11.93 ± 1.653 11.97 ±1.49 
Maternal Race and Ethnicity   
Caucasian [N (%)] 47 (29.6%) 17 (24.3%) 
African American  
[N (%)] 
98 (61.6%) 46 (65.7%) 
Hispanic [N (%)] 10 (6.3%) 5 (7.1%) 
Other [N (%)] 4 (2.5%) 2 (2.9%) 
 
 Table 2 illustrates the demographic differences between BMI category 
groups. Only one subject’s BMI at 5 years of age classified them as underweight 
and this subject was excluded from analysis. At 5 years of age a majority of 
subjects (63.8%) were normal weight while 15.9% were overweight and 20.3% 
were obese.  
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Table 2: Subject Characteristics by BMI Category at 5 years of age 
  Healthy Weight Overweight Obese 
N 44 11 14 
Male [N (%)] 12 (27.3%) 4 (36.4%) 5 (35.7%) 
Female [N (%)] 32 (72.7%) 7 (63.6%) 9 (64.3%) 
Income by Zip Code
1 
[mean ± SD] 
$32,995 ± $9,438 $33,429 ± $8,092 $34,220 ± $11,931 
Maternal Education  
[mean years ± SD] 
12.00 ± 1.36 10.73 ± 1.19 12.86 ± 1.56 
Maternal Race and Ethnicity   
Caucasian [N (%)] 8 (18.2%) 5 (45.5%) 3 (21.4%) 
African American  
[N (%)] 
34 (77.3%) 3 (27.3%) 9 (64.3%) 
Hispanic [N (%)] 2 (4.5%) 2 (18.2%) 1 (7.1%) 
Other [N (%)] 0 (0.0%) 1 (9.1%) 1 (7.1%) 
1
 Parental Income 
Fruit Intake Over Time Related to BMI at 5 Years of Age 
 Median total fruit intake, including fruit juice consumption, by BMI group is 
shown in Table 3 and Figure 1. Minimum fruit intake recorded at all ages and 
across all BMI groups was zero servings. The USDA recommends children aged 
2 to 5 years of age consume at least 1 cup of fruit each day. By this standard the 
normal weight group met recommendations at all ages except 5 years of age. 
The overweight group met recommendations at 12 months, 2 years, 2.5 years, 
and 4 years of age. The obese group met recommendations at all ages between 
12 months and 4 years of age. 
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Table 3: Fruit Intake Over Time by BMI Category at 5 Years of Age 
BMI Group Age Food Median Mean  SD Minimum Maximum 
Healthy 
Weight 12 
months  
Total Fruit  1.14 1.29 ± 1.12 0.00 4.66 
Overweight Total Fruit  1.10 1.50 ± 1.70 0.00 5.50 
Obese Total Fruit  1.02 1.55 ± 2.09 0.00 7.38 
Healthy 
Weight 18 
months 
Total Fruit  2.00 2.10 ± 1.57 0.00 5.51 
Overweight Total Fruit  0.77 1.05 ± 0.91 0.00 2.25 
Obese Total Fruit  2.46 2.06 ± 1.18 0.00 3.61 
Healthy 
Weight 
2 years 
Total Fruit  2.00 2.18 ± 2.01 0.00 7.94 
Overweight Total Fruit  2.00 1.45 ± 0.94 0.00 6.50 
Obese Total Fruit  1.71 1.73 ± 1.58 0.00 5.50 
Healthy 
Weight 2.5 
years 
Total Fruit  1.56 2.09 ± 1.89 0.00 6.00 
Overweight Total Fruit  2.00 1.45 ± 0.94 0.00 2.25 
Obese Total Fruit  1.00 2.01 ± 2.32 0.00 6.50 
Healthy 
Weight 
3 years 
Total Fruit  1.00 1.67 ± 1.84 0.00 6.11 
Overweight Total Fruit  0.15 0.39 ± 0.47 0.00 1.00 
Obese Total Fruit  2.00 1.61 ± 1.74 0.00 5.23 
Healthy 
Weight 3.5 
years 
Total Fruit  1.79 1.83 ± 1.33 0.00 4.00 
Overweight Total Fruit  0.69 0.56 ± 0.47 0.00 1.00 
Obese Total Fruit  1.18 1.60 ± 1.84 0.00 5.25 
Healthy 
Weight 
4 years 
Total Fruit  1.47 1.38 ± 1.47 0.00 5.44 
Overweight Total Fruit  2.00 2.05 ± 2.21 0.00 5.58 
Obese Total Fruit  1.49 1.45 ± 1.53 0.00 4.50 
Healthy 
Weight 4.5 
years 
Total Fruit  1.30 1.74 ± 2.19 0.00 9.74 
Overweight Total Fruit  0.00 0.52 ± 0.77 0.00 2.00 
Obese Total Fruit  0.35 0.62 ± 0.75 0.00 2.00 
Healthy 
Weight 
5 years 
Total Fruit  0.93 1.19 ± 1.5 0.00 6.00 
Overweight Total Fruit  0.00 0.63 ± 1.17 0.00 3.00 
Obese Total Fruit  1.12 1.25 ± 1.43 0.00 4.11 
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Figure 1: Median Total Fruit Intake Over Time by BMI Category at 5 Years of 
Age 
 
However, fruit intake recommendations were met only once across all 
ages and BMI groups when excluding juice intake, as seen in Table 4 and Figure 
2. The healthy weight group met recommendations for fruit intake when 
excluding juice only at 3.5 years of age with a median intake of 1.00 serving. At 
no age did the overweight group meet fruit intake recommendations when 
excluding juice intake. The obese group never met fruit intake recommendations 
when excluding juice intake although intake was near recommendation at 2.5 
years of age (median 0.96 servings).  
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Table 4: Fruit Intake Excluding Juice Over Time by BMI Group 
BMI Group Age Food Median Mean ± SD Minimum Maximum 
Healthy Weight 
12 
months  
Fruit, No Juice 0.06 0.47 ± 0.74 0.00 3.28 
Overweight Fruit, No Juice 0.25 0.70 ± 0.94 0.00 2.82 
Obese Fruit, No Juice 0.00 0.45 ± 0.69 0.00 1.94 
Healthy Weight 
18 
months 
Fruit, No Juice 0.31 0.73 ± 1.01 0.00 4.00 
Overweight Fruit, No Juice 0.00 0.27 ± 0.37 0.00 0.86 
Obese Fruit, No Juice 0.00 0.60 ± 0.92 0.00 3.08 
Healthy Weight 
2 years 
Fruit, No Juice 0.13 0.51 ± 0.71 0.00 3.00 
Overweight Fruit, No Juice 0.00 0.71 ± 1.19 0.00 3.76 
Obese Fruit, No Juice 0.08 0.26 ± 0.34 0.00 1.02 
Healthy Weight 
2.5 
years 
Fruit, No Juice 0.25 0.79 ± 1.17 0.00 4.00 
Overweight Fruit, No Juice 0.50 0.70 ± 0.84 0.00 2.00 
Obese Fruit, No Juice 0.96 0.79 ± 0.75 0.00 2.00 
Healthy Weight 
3 years 
Fruit, No Juice 0.13 0.59 ± 0.71 0.00 2.00 
Overweight Fruit, No Juice 0.15 0.39 ± 0.47 0.00 1.00 
Obese Fruit, No Juice 0.00 0.57 ± 0.76 0.00 2.00 
Healthy Weight 
3.5 
years 
Fruit, No Juice 1.00 0.93 ± 0.96 0.00 4.00 
Overweight Fruit, No Juice 0.69 0.56 ± 0.47 0.00 1.00 
Obese Fruit, No Juice 0.00 0.59 ± 0.88 0.00 2.21 
Healthy Weight 
4 years 
Fruit, No Juice 0.00 0.59 ± 0.86 0.00 2.94 
Overweight Fruit, No Juice 0.00 0.48 ± 0.68 0.00 1.75 
Obese Fruit, No Juice 0.00 0.57 ± 0.84 0.00 2.08 
Healthy Weight 
4.5 
years 
Fruit, No Juice 0.00 0.68 ± 1.27 0.00 5.74 
Overweight Fruit, No Juice 0.00 0.24 ± 0.41 0.00 1.00 
Obese Fruit, No Juice 0.00 0.29 ± 0.49 0.00 1.00 
Healthy Weight 
5 years 
Fruit, No Juice 0.00 0.56 ± 1.20 0.00 6.00 
Overweight Fruit, No Juice 0.00 0.35 ± 0.60 0.00 1.42 
Obese Fruit, No Juice 0.00 0.37 ± 0.51 0.00 1.00 
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Figure 2: Median Fruit Intake Excluding Juice Over Time by BMI Category 
at 5 Years of Age 
 
 
As seen in Table 5 total fruit intake at 3.5 years of age was negatively 
correlated to BMI in the group that was overweight at 5 years of age (p=0.04). No 
other significant correlations were found between BMI group and fruit intake. 
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Table 5: Fruit Intake Over Time Correlated to BMI Category at 5 Years of 
Age 
Food Age   Healthy Weight Overweight Obese 
Fruit No Juice 
1
2
 m
o
n
th
s
 r -0.05 0.11 -0.04 
P 0.7 0.38 0.77 
Total Fruit 
r -0.08 0.38 0.77 
P 0.52 0.78 0.62 
Fruit No Juice 
1
8
 m
o
n
th
s
 r 0.13 -0.16 -0.03 
P 0.32 0.22 0.85 
Total Fruit 
r 0.14 -0.25 0.04 
P 0.3 0.05 0.77 
Fruit No Juice 
2
 y
e
a
rs
 r 0.01 0.13 -0.15 
P 0.94 0.34 0.27 
Total Fruit 
r -0.05 0.17 -0.12 
P 0.73 0.20 0.37 
Fruit No Juice 
2
.5
 y
e
a
rs
 r 0.04 -0.02 0.01 
P 0.81 0.88 0.93 
Total Fruit 
r 0.08 -0.10 0.00 
P 0.57 0.50 0.98 
Fruit No Juice 
3
 y
e
a
rs
 r 0.03 -0.09 0.00 
P 0.82 0.54 0.99 
Total Fruit 
r 0.03 -0.22 -0.01 
P 0.86 0.12 0.96 
Fruit No Juice 
3
.5
 y
e
a
rs
 r 0.17 -0.11 -0.12 
P 0.24 0.43 0.40 
Total Fruit 
r 0.21 -0.29 -0.01 
P 0.15 0.04* 0.92 
Fruit No Juice 
4
 y
e
a
rs
 r 0.06 -0.04 0.01 
P 0.69 0.76 0.97 
Total Fruit 
r -0.07 0.15 0.00 
P 0.62 0.29 0.99 
Fruit No Juice 
4
.5
 y
e
a
rs
 r 0.17 -0.13 -0.11 
P 0.28 0.40 0.48 
Total Fruit 
r 0.29 -0.19 -0.17 
P 0.06 0.21 0.28 
Fruit No Juice 
5
 y
e
a
rs
 
r 0.11 -0.06 -0.05 
P 0.49 0.72 0.75 
Total Fruit 
r 0.10 -0.14 0.06 
P 0.52 0.36 0.71 
r  Pearson’s Correlation Coefficient 
P  P-value 
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Vegetable Intake Over Time Related to BMI at 5 Year 
 Total vegetable intake over time is reported in Table 6 and Figure 3. The 
USDA recommends children aged 2 to 3 years consume 1 cup of vegetables 
each day while children aged 4-8 years should consume 1.5 cups of vegetables 
each day. The normal weight group met vegetable intake recommendations at 2 
years, 3 years, and 3.5 years, of age. The overweight group met 
recommendations at 12 months, 2 years, and 2.5 years of age. The obese group 
met vegetable intake recommendations at 18 months, 2 years, 3 years, and 3.5 
years of age.  
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Table 6: Total Vegetable Intake Over Time by BMI Category at 5 Years of 
Age 
BMI Group Age Food Median Mean ± SD Minimum Maximum 
Healthy Weight 
12 
months  
Total Veg 0.43 0.62 ± 0.84 0.00 4.42 
Overweight Total Veg 1.65 1.45 ± 1.02 0.00 3.21 
Obese Total Veg 0.56 1.38 ± 1.89 0.00 6.46 
Healthy Weight 
18 
months 
Total Veg 0.72 1.06 ± 0.95 0.04 4.25 
Overweight Total Veg 0.87 1.03 ± 0.99 0.00 3.07 
Obese Total Veg 1.33 1.33 ± 1.02 0.00 2.86 
Healthy Weight 
2 years 
Total Veg 1.05 1.16 ± 0.79 0.00 2.98 
Overweight Total Veg 1.44 1.49 ± 0.79 0.13 2.55 
Obese Total Veg 1.02 1.74 ± 2.02 0.00 6.53 
Healthy Weight 
2.5 years 
Total Veg 0.96 1.22 ± 1.05 0.00 4.10 
Overweight Total Veg 1.02 0.81 ± 0.75 0.00 1.63 
Obese Total Veg 0.91 1.05 ± 0.75 0.00 2.23 
Healthy Weight 
3 years 
Total Veg 1.16 1.27 ± 0.88 0.00 3.74 
Overweight Total Veg 0.85 0.96 ± 0.78 0.00 2.16 
Obese Total Veg 1.00 1.34 ± 0.88 0.30 3.06 
Healthy Weight 
3.5 years 
Total Veg 1.16 1.51 ± 1.36 0.00 6.33 
Overweight Total Veg 0.85 0.78 ± 0.60 0.00 1.45 
Obese Total Veg 1.25 1.09 ± 0.76 0.00 2.08 
Healthy Weight 
4 years 
Total Veg 1.07 1.44 ± 1.12 0.00 4.00 
Overweight Total Veg 0.93 0.92 ± 0.47 0.02 1.52 
Obese Total Veg 1.04 1.05 ± 0.76 0.13 2.06 
Healthy Weight 
4.5 years 
Total Veg 1.08 1.43 ± 1.52 0.00 6.26 
Overweight Total Veg 1.15 1.14 ± 0.74 0.00 2.10 
Obese Total Veg 1.27 1.48 ± 1.17 0.00 3.40 
Healthy Weight 
5 years 
Total Veg 0.51 0.99 ± 1.42 0.00 5.47 
Overweight Total Veg 0.50 0.64 ± 0.72 0.00 1.90 
Obese Total Veg 1.09 1.17 ± 0.88 0.14 3.07 
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Figure 3: Median Total Vegetable Intake Over Time by by BMI Category at 5 
Years of Age 
  
Only at 3.5 years of age did vegetable intake meet recommendations 
when excluding French fries in the normal weight group as seen in Table 7 and 
Figure 4. At 12 months and 2 years of age vegetable intake excluding French 
fries met recommendations in the overweight group. At 18 months, 3 years and 
3.5 years of age vegetable intake excluding French fries met recommendations 
in the obese group. 
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Table 7: Vegetable Intake Excluding French Fries Over Time by BMI 
Category at 5 Years of Age 
BMI Group Age Food Median Mean ± SD Minimum Maximum 
Healthy Weight 
12 
months  
Veg, No FF 0.24 0.48 ± 0.77 0.00 4.42 
Overweight Veg, No FF 1.17 1.07 ± 0.87 0.00 2.24 
Obese Veg, No FF 0.56 1.31 ± 1.92 0.00 6.46 
Healthy Weight 
18 
months 
Veg, No FF 0.51 0.85 ± 0.99 0.00 3.89 
Overweight Veg, No FF 0.57 0.90 ± 0.98 0.00 3.07 
Obese Veg, No FF 1.16 1.12 ± 1.09 0.00 2.86 
Healthy Weight 
2 years 
Veg, No FF 0.61 0.83 ± 0.76 0.00 2.55 
Overweight Veg, No FF 1.22 1.18 ± 0.87 0.00 2.47 
Obese Veg, No FF 1.02 1.50 ± 1.93 0.00 6.53 
Healthy Weight 
2.5 years 
Veg, No FF 0.60 0.96 ± 1.00 0.00 4.10 
Overweight Veg, No FF 0.05 0.39 ± 0.70 0.00 1.63 
Obese Veg, No FF 0.44 0.69 ± 0.68 0.00 1.91 
Healthy Weight 
3 years 
Veg, No FF 0.64 0.93 ± 0.82 0.00 2.90 
Overweight Veg, No FF 0.71 0.62 ± 0.54 0.00 1.19 
Obese Veg, No FF 1.00 1.30 ± 0.91 0.30 3.06 
Healthy Weight 
3.5 years 
Veg, No FF 1.04 1.36 ± 1.29 0.00 6.33 
Overweight Veg, No FF 0.38 0.58 ± 0.61 0.00 1.45 
Obese Veg, No FF 0.89 0.85 ± 0.74 0.00 1.75 
Healthy Weight 
4 years 
Veg, No FF 0.88 1.15 ± 1.09 0.00 4.00 
Overweight Veg, No FF 0.91 0.78 ± 0.58 0.00 1.52 
Obese Veg, No FF 0.67 0.81 ± 0.71 0.13 2.06 
Healthy Weight 
4.5 years 
Veg, No FF 0.63 1.25 ± 1.58 0.00 6.26 
Overweight Veg, No FF 1.00 1.04 ± 0.73 0.00 2.10 
Obese Veg, No FF 1.27 1.36 ± 1.16 0.00 3.40 
Healthy Weight 
5 years 
Veg, No FF 0.45 0.90 ± 1.32 0.00 4.99 
Overweight Veg, No FF 0.14 0.45 ± 0.69 0.00 1.90 
Obese Veg, No FF 1.02 0.80 ± 0.40 0.14 1.18 
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Figure 4: Vegetable Intake Excluding French Fries Over Time by BMI 
Category at 5 Years of Age 
 
 
Correlations between vegetable intake over time and BMI percentile at 5 
years of age are shown in Table 8. Healthy weight BMI percentile at 5 years of 
age was negatively correlated with total vegetable intake and vegetable intake 
excluding French fries at 12 months of age (p=0.01, 0.01). Obese BMI percentile 
was positively correlated to vegetable intake excluding French fries at 12 months 
of age (p=0.04). No other significant correlations were found between vegetable 
intake and BMI percentile at 5 years of age. 
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Table 8: Vegetable Intake Over Time Correlated to BMI Percentile at 5 Years 
of Age 
Food Age   Healthy Weight Overweight Obese 
Total Veg 
1
2
 m
o
n
th
s
 r -0.32 0.19 0.21 
P 0.01* 0.12 0.10 
Veg no FF 
r -0.31 0.12 0.26 
P 0.01* 0.34 0.04* 
Total Veg 
1
8
 m
o
n
th
s
 r -0.06 -0.03 0.12 
P 0.63 0.81 0.37 
Veg no FF 
r -0.08 0.00 0.11 
P 0.53 0.99 0.41 
Total Veg 
2
 y
e
a
rs
 r -0.20 0.07 0.18 
P 0.14 0.59 0.19 
Veg no FF 
r -0.23 0.07 0.21 
P 0.09 0.58 0.11 
Total Veg 
2
.5
 y
e
a
rs
 r 0.15 -0.11 -0.04 
P 0.30 0.44 0.78 
Veg no FF 
r 0.20 -0.16 -0.08 
P 0.16 0.26 0.59 
Total Veg 
3
 y
e
a
rs
 r 0.03 -0.11 0.06 
P 0.85 0.43 0.70 
Veg no FF 
r -0.09 -0.15 0.21 
P 0.51 0.29 0.15 
Total Veg 
3
.5
 y
e
a
rs
 r 0.23 -0.16 -0.09 
P 0.10 0.25 0.55 
Veg no FF 
r 0.26 -0.18 -0.12 
P 0.06 0.20 0.42 
Total Veg 
4
 y
e
a
rs
 r 0.22 -0.15 -0.10 
P 0.12 0.31 0.49 
Veg no FF 
r 0.18 -0.10 -0.10 
P 0.20 0.47 0.48 
Total Veg 
4
.5
 y
e
a
rs
 r 0.03 -0.09 0.03 
P 0.86 0.57 0.87 
Veg no FF 
r 0.00 -0.07 0.04 
P 1.00 0.66 0.82 
Total Veg 
5
 y
e
a
rs
 
r 0.04 -0.12 0.09 
P 0.82 0.46 0.59 
Veg no FF 
r 0.12 -0.14 0.00 
P 0.46 0.37 1.00 
r  Pearson’s Correlation Coefficient 
P  P-value 
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BMI Over Time 
 Table 9 below illustrates the change in BMI percentile over time for all 
subjects and for subjects followed in Phase II of the study from 2 through 5 years 
of age.  
Table 9: BMI Percentile Categories Over Time by Cohort 
Cohort Age Underweight 
Healthy 
Weight 
Overweight Obese  
Whole Cohort 
(N=103) 
12 months 
6 (5.8%) 76 (73.8%) 15 (14.6%) 6 (5.8%) 
Phase II 
(N=70) 
4 (5.7%) 51 (72.9%) 11 (15.7%) 4 (5.7%) 
Whole Cohort 
(N=90) 
18 months 
5 (5.6%) 67 (74.4%) 13 (14.4%) 5 (5.6%) 
Phase II 
(N=68) 
5 (7.4%) 49 (72.1%) 10 (14.7%) 4 (5.9%) 
Whole Cohort 
(N=79) 
2 years 
4 (5.1%) 64 (81.0%) 6 (7.6%) 5 (6.3%) 
Phase II 
(N=67) 
4 (6.0%) 52 (77.6%) 6 (9.0%) 5 (7.5%) 
Whole Cohort 
(N=75 
2.5 years 
8 (10.7%) 54 (72.0%) 8 (10.7%) 5 (6.7%) 
Phase II 
(N=66) 
6 (9.1%) 47 (71.2%) 8 (12.1%) 5 (7.6%) 
Whole Cohort 
(N=76) 
3 years 
8 (10.5%) 56 (73.7%) 5 (6.6%) 7 (9.2%) 
Phase II 
(N=69) 
7 (10.1%) 50 (72.5%) 5 (7.2%) 7 (10.1%) 
Whole Cohort 
(N=77) 
3.5 years 
1 (1.3%) 54 (70.1%) 14 (18.2%) 8 (10.4%) 
Phase II 
(N=68) 
1 (1.5%) 47 (69.1%) 12 (17.6%) 8 (11.8%) 
Whole Cohort 
(N=77) 
4 years 
3 (3.9%) 45 (58.4%) 18 (23.4%) 11 (14.3%) 
Phase II 
(N=69) 
2 (2.9%) 39 (56.5%) 18 (26.1%) 10 (14.5%) 
Whole Cohort 
(N=71) 
4.5 years 
2 (2.8%) 42 (59.2%) 12 (16.9%) 15 (21.1%) 
Phase II 
(N=68) 
2 (2.9%) 39 (57.4%) 12 (17.6%) 15 (22.1%) 
Whole Cohort 
(N=70) 
5 years 
1 (1.4%) 44 (62.9%) 11 (15.7%) 14 (20.0%) 
Phase II  
(N=70) 
1 (1.4%) 44 (62.9%) 11 (15.7%) 14 (20.0%) 
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 Table 10 shows the distribution of BMI category over time among BMI 
groups.  As depicted in Figures 5-7, the most dramatic changes occur beginning 
at 3 years of age when more subjects move to the overweight and obese BMI 
categories. While subjects in all BMI groups appear to change weight statuses 
over time the weight status of the BMI groups from 12 months through 3 years of 
age changed little. After three years of age the overweight and obese weight 
classes become proportionately larger compared to the normal weight class. 
Table 10: BMI Change Over Time by BMI Category at 5 years of age 
BMI Group at 5 years 
  
Age 
  
BMI Category 
Underweight 
Healthy 
Weight 
Overweight Obese  
Normal Weight (N=44) 
1
2
 
m
o
n
th
s
 
4 (9.1%) 34 (77.3%) 5 (11.4%) 1 (2.3%) 
Overweight (N=11) 0 (0.0%) 7 (63.6%) 3 (27.3%) 1 (9.1%) 
Obese    (N=14) 0 (0.0%) 9 (64.3%) 3 (21.4%) 2 (14.3%) 
Normal Weight (N=42) 
1
8
 
m
o
n
th
s
 
5 (11.9%) 33 (78.6%) 3 (7.1%) 1 (2.4%) 
Overweight (N=11) 0 (0.0%) 6 (54.5%) 5 (45.5%) 0 (0.0%) 
Obese (N=14) 0 (0.0%) 9 (64.3%) 2 (14.3%) 3 (21.4%) 
Normal Weight (N=41) 
2
 y
e
a
rs
 
4 (9.8%) 36 (87.8%) 1 (2.4%) 0 (0.0%) 
Overweight (N=11) 0 (0.0%) 8 (72.7%) 1 (9.1%) 2 (18.2%) 
Obese (N=14) 0 (0.0%) 7 (50.0%) 4 (28.6%) 3 (21.4%) 
Normal Weight (N=40) 
2
.5
 
y
e
a
rs
 5 (12.5%) 33 (82.5%) 2 (5.0%) 0 (0.0%) 
Overweight (N=11) 0 (0.0%) 8 (72.7%) 1 (9.1%) 2 (18.2%) 
Obese (N=14) 0 (0.0%) 6 (42.9%) 5 (35.7%) 3 (21.4%) 
Normal Weight (N=43) 
3
 y
e
a
rs
 
6 (14.0%) 35 (81.4%) 1 (2.3%) 1 (2.3%) 
Overweight (N=11) 0 (0.0%) 9 (81.8%) 1 (9.1%) 1 (9.1%) 
Obese (N=14) 0 (0.0%) 6 (42.9%) 3 (21.4%) 5 (35.7%) 
Normal Weight (N=42) 
3
.5
 
y
e
a
rs
 1 (2.4%) 38 (90.5%) 2 (4.8%) 1 (2.4%) 
Overweight (N=11) 0 (0.0%) 7 (63.6%) 4 (36.4%) 0 (0.0%) 
Obese (N=14) 0 (0.0%) 1 (7.1%) 6 (42.9%) 7 (50.0%) 
Normal Weight (N=43) 
4
 y
e
a
rs
 
2 (4.7%) 35 (81.4%) 5 (11.6%) 1 (2.3%) 
Overweight (N=11) 0 (0.0%) 2 (18.2%) 7 (63.6%) 2 (18.2%) 
Obese (N=14) 0 (0.0%) 1 (7.1%) 6 (42.9%) 7 (50.0%) 
Normal Weight (N=42) 
4
.5
 
y
e
a
rs
 1 (2.4%) 37 (88.1%) 3 (7.1%) 1 (2.4%) 
Overweight (N=11) 0 (0.0%) 2 (18.2%) 7 (63.6%) 2 (18.2%) 
Obese (N=14) 0 (0.0%) 0 (0.0%) 2 (14.3%) 12 (85.7%) 
Normal Weight (N=44) 
5
 y
e
a
rs
 
0 (0.0%) 44 (100.0%) 0 (0.0%) 0 (0.0%) 
Overweight (N=11) 0 (0.0%) 0 (0.0%) 11 (100.0%) 0 (0.0%) 
Obese (N=14) 0 (0.0%) 0 (0.0%) 0 (0.0%) 14 (100.0%) 
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Figure 5: Percent of Healthy Weight Subjects Over Time by BMI Group 
 
Figure 6: Percent of Overweight Subjects Over Time by BMI Group 
 
 
 
 
 
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
12
months
18
months
2 years 2.5 years 3 years 3.5 years 4 years 4.5 years 5 years
Healthy Weight Overweight Obese
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
12 months18 months 2 years 2.5 years 3 years 4 years 4.5 years 5 years
Healthy Weight Overweight Obese
 
37 
 
Figure 7: Percent of Obese Subjects Over Time by BMI Group 
 
Other Factors Related to Fruit and Vegetable Intake and BMI Percentile 
Income and Maternal Years of Education 
 
Income calculated by enrollment zip code appears to be associated with 
fruit intake as shown in Table 11. Income by zip code was positively correlated 
with fruit intake excluding juice at 18 months (p=0.04) and 2 years of age 
(p=0.01). Total fruit intake at 2 years of age (p=0.00) and 3 years of age (p=0.05) 
Only one significant correlation was identified between income by zip code and 
BMI percentile classification.  
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Table 11: Income by Zip Code Related to Fruit Intake in All Subjects 
Age Food 
Pearson 
Correlation 
Coefficient (r) 
2-tailed 
Significance (P) 
12 months 
(N=103) 
Fruit, No Juice 0.04 0.67 
Total Fruit  -0.11 0.27 
18 months 
(N=87) 
Fruit, No Juice 0.24 0.04* 
Total Fruit  0.07 0.58 
2 years 
(N=77) 
Fruit, No Juice 0.34 0.01** 
Total Fruit  0.34 0.00** 
2.5 years 
(N=71) 
Fruit, No Juice -0.18 0.14 
Total Fruit  0.04 0.76 
3 years 
(N=70) 
Fruit, No Juice -0.02 0.85 
Total Fruit  0.24 0.05* 
3.5 years 
(N=75) 
Fruit, No Juice -0.16 0.19 
Total Fruit  0.00 0.99 
4 years 
(N=76) 
Fruit, No Juice 0.10 0.41 
Total Fruit  0.12 0.31 
4.5 years 
(N=72) 
Fruit, No Juice -0.09 0.48 
Total Fruit  0.06 0.63 
5 years 
(N=70) 
Fruit, No Juice -0.05 0.68 
Total Fruit  0.01 0.96 
 
 Although maternal years of education were positively correlated to income 
by zip code (p=0.018) no significant correlations between maternal years of 
education and fruit and vegetable intake were identified. However, maternal 
years of education was positively correlated to obese BMI percentile 
classification at 3.5 years of age (p=0.003), 4.5 years of age, (p=0.005) and 5 
years of age (p=0.012) as well as overweight BMI percentile classification at 5 
years of age (p=0.002). See Table 12. 
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Table 12: Maternal Years of Education Related to BMI Percentile Over Time 
in All subjects 
Age BMI Group 
Pearson Correlation 
Coefficient (r) 
2-tailed 
Significance (P) 
12 months 
(N=103) 
Healthy Weight 0.01 0.95 
Overweight -0.03 0.78 
Obese -0.02 0.83 
18 months 
(N=87) 
Healthy Weight 0.04 0.75 
Overweight -0.12 0.28 
Obese 0.17 0.12 
2 years 
(N=77) 
Healthy Weight -0.09 0.46 
Overweight 0.13 0.27 
Obese 0.00 1.00 
2.5 years 
(N=71) 
Healthy Weight -0.04 0.72 
Overweight 0.13 0.28 
Obese -0.03 0.83 
3 years 
(N=70) 
Healthy Weight -0.09 0.47 
Overweight -0.01 0.95 
Obese 0.18 0.13 
3.5 years 
(N=75) 
Healthy Weight -0.18 0.11 
Overweight -0.04 0.71 
Obese 0.39* 0.00 
4 years 
(N=76) 
Healthy Weight -0.12 0.30 
Overweight 0.00 0.99 
Obese 0.17 0.15 
4.5 years 
(N=72) 
Healthy Weight -0.12 0.31 
Overweight -0.20 0.10 
Obese 0.33* 0.01 
5 years 
(N=70) 
Healthy Weight 0.03 0.84 
Overweight -0.36* 0.00 
Obese 0.30* 0.01 
 
Race and Ethnicity 
 
 BMI percentile related to race and ethnicity is shown in Tables 13-15. 
Hispanic ethnicity was positively correlated to obese BMI percentile at 12 months 
of age (p=0.007) and 4 years of age (p=0.002) as well as overweight BMI 
percentile at 3.5 years of age (p=0.002) and negatively correlated with normal 
weight BMI percentile at 3.5 years of age (p=0.043). Other unspecified race or 
ethnicity was positively correlated with overweight BMI percentile at 18 months of 
age (p=0.014), 4.5 years of age (p=0.026), and 5 years of age (p=0.019). African 
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American race was negatively correlated with obese BMI percentile at 2.5 years 
of age (p=0.042) as well as overweight BMI percentile at 5 years of age 
(p=0.003) and positively correlated to normal weight BMI at 5 years of age 
(p=0.008). Other European race was positively correlated with overweight BMI 
percentile at 3 years of age (p<0.001) and 3.5 years of age (p=0.033) as well as 
obese BMI percentile at 4 years of age (p=0.013) and 5 years of age (p=0.045). 
Table 13: Race and Ethnicity Correlated to Healthy Weight BMI Percentile 
Over Time in All Subjects 
 
 
12 
months 
18 
months 
2 
years 
2.5 
years 
3 
years 
3.5 
years 
4 
years 
4.5 
years 
5 
years 
African 
American 
                  
  r 0.06 -0.06 0.02 0.01 0.06 0.09 0.07 0.19 0.32* 
  P 0.57 0.56 0.86 0.93 0.63 0.42 0.57 0.11 0.01 
Hispanic               
  r -0.10 -0.08 -0.14 -0.07 0.04 -0.23* -0.10 -0.11 -0.13 
  P 0.30 0.45 0.22 0.54 0.74 0.04 0.39 0.37 0.28 
Other 
European 
                  
  r 0.08 0.09 0.05 0.07 -0.19 -0.18 -0.14 -0.14 -0.16 
  P 0.40 0.41 0.63 0.54 0.09 0.13 0.24 0.23 0.20 
Caucasian               
  r -0.04 0.12 0.03 -0.01 -0.05 0.04 0.05 -0.07 -0.19 
  P 0.67 0.27 0.82 0.95 0.67 0.70 0.64 0.56 0.12 
Other                   
  r 0.06 -0.18 0.05 0.07 0.07 0.07 -0.14 -0.14 -0.16 
  P 0.55 0.09 0.63 0.54 0.55 0.52 0.24 0.23 0.20 
r  Pearson’s Correlation Coefficient 
P  P-value 
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Table 14: Race and Ethnicity Correlated to Overweight BMI Percentile Over 
Time in All Subjects 
  
12 
months 
18 
months 
2 
years 
2.5 
years 
3 
years 
3.5 
years 
4 
years 
4.5 
years 
5 
years 
African 
American 
              
  r 0.05 -0.05 -0.07 0.18 -0.02 -0.10 0.01 -0.07 -0.35* 
  P 0.58 0.63 0.53 0.13 0.83 0.37 0.97 0.53 0.00 
Hispanic               
  r 0.00 0.04 0.12 0.08 -0.07 .035* -0.15 0.02 0.19 
  P 0.98 0.72 0.29 0.49 0.55 0.02 0.21 0.85 0.13 
Other 
European 
              
  r -0.06 -0.06 -0.03 -0.04 0.44* 0.24* -0.06 -0.05 -0.05 
  P 0.56 0.56 0.78 0.73 0.00 0.03 0.58 0.66 0.67 
Caucasian               
  r -0.03 0.00 0.03 -0.22 -0.04 -0.11 0.04 0.01 0.21 
  P 0.76 0.98 0.82 0.06 0.74 0.33 0.73 0.93 0.08 
Other               
  r -0.04 0.26* -0.03 -0.04 -0.03 -0.05 0.21 0.27* 0.28* 
  P 0.68 0.01 0.78 0.73 0.79 0.64 0.07 0.03 0.02 
r  Pearson’s Correlation Coefficient 
P  P-value 
 
Table 15: Race and Ethnicity Correlated to Obese BMI Percentile Over Time 
in All Subjects 
  
12 
months 
18 
months 
2 
years 
2.5 
years 
3 
years 
3.5 
years 
4 
years 
4.5 
years 
5 
years 
African 
American 
              
  r -0.05 0.10 -0.12 -0.24* -0.05 -0.04 -0.18 -0.14 -0.02 
  P 0.60 0.35 0.30 0.04 0.68 0.75 0.12 0.24 0.90 
Hispanic                   
  r 0.26* -0.06 0.15 0.14 0.10 -0.08 0.34* 0.13 0.00 
  P 0.01 0.58 0.20 0.22 0.39 0.49 0.00 0.29 1.00 
Other 
European 
              
  r -0.03 -0.04 -0.03 -0.03 -0.04 -0.04 0.28* 0.23 0.24* 
  P 0.73 0.73 0.80 0.79 0.75 0.74 0.01 0.05 0.05 
Caucasian                   
  r -0.07 -0.06 0.06 0.19 0.02 0.10 -0.06 0.03 -0.03 
  P 0.46 0.59 0.59 0.10 0.89 0.38 0.60 0.78 0.78 
Other               
  r -0.02 -0.03 -0.03 -0.03 -0.04 -0.04 -0.05 -0.06 -0.06 
  P 0.80 0.81 0.80 0.79 0.75 0.74 0.69 0.61 0.62 
r  Pearson’s Correlation Coefficient 
P  P-value 
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Fruit and vegetable intake related to race and ethnicity in all subjects is 
shown in Tables 16-19. African American race was negatively correlated to fruit 
intake excluding juice at 12 months and 2 years of age (p=0.04, 0.00), as well as  
total fruit intake at 2 years of age (p=0.00), total vegetables and vegetables 
excluding French fries at 2.5 (p=0.01, 0.05) and 5 years of age (p=0.04, 0.04). 
African American race was positively correlated to total vegetable intake and 
vegetable intake excluding French fries at 3.5 years of age (p=0.03, 0.03).  
Hispanic ethnicity was positively correlated to total fruit intake at 12 
months of age (p=0.00), fruit intake excluding juice at 5 years of age (p=0.01), 
and vegetable intake excluding French fries at 2 years of age (p=0.01). 
Caucasian race was positively correlated to fruit intake excluding juice and total 
fruit intake at 2 years of age (p=0.00, 0.03), as well as total vegetable intake and 
vegetable intake excluding French fries at 2.5 years (p=0.00, 0.00) and 5 years of 
age (p=0.00, 0.00). Other European and other unspecified race or ethnicity were 
not significantly correlated to fruit and vegetable intake 
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Table 16: Race and Ethnicity Correlated to Total Fruit Intake Over Time in 
All Subjects 
    
12 
months 
18 
months 
2 
years 
2.5 
years 
3 
years 
3.5 
years 
4 
years 
4.5 
years 
5 
years 
African 
American          
 
r -0.08 0.06 -0.4 0.11 -0.09 0.1 0.03 -0.03 0.14 
 
P 0.41 0.61 0.00** 0.35 0.45 0.42 0.81 0.82 0.28 
Hispanic 
         
 
r 0.36 0.04 0.22 -0.19 -0.14 -0.03 -0.07 -0.12 0.11 
 
P 0.00** 0.74 0.08 0.12 0.27 0.78 0.59 0.34 0.41 
Other 
European          
 
r -0.02 -0.2 -
1
 -0.13 0 -0.19 -0.14 -0.11 -0.14 
 
P 0.82 0.09 0 0.29 0.99 0.11 0.22 0.36 0.26 
Caucasian 
         
 
r -0.05 -0.04 0.26* 0.03 0.21 -0.02 0.09 0.1 -0.12 
 
P 0.6 0.71 0.03 0.82 0.09 0.89 0.45 0.43 0.36 
Other 
         
 
r -0.09 -
1
 0.12 -0.13 -0.11 -0.13 -0.1 0.07 -0.1 
  P 0.39 0 0.32 0.29 0.38 0.27 0.39 0.59 0.43 
1
  Unobtainable as intake value was constant for this group 
r  Pearson’s Correlation Coefficient 
P  P-value 
 
Table 17: Race and Ethnicity Correlated to Fruit Intake Excluding Juice 
Over Time 
    
12 
months 
18 
months 
2 
years 
2.5 
years 
3 
years 
3.5 
years 
4 
years 
4.5 
years 
5 
years 
African 
American          
 
r -0.21 -0.13 -0.38 0.09 0.03 0.19 -0.15 0.11 -0.15 
 
P 0.04* 0.29 0.00** 0.45 0.79 0.12 0.2 0.38 0.24 
Hispanic 
         
 
r 0.13 0.05 -0.04 -0.09 -0.06 0.05 0.1 -0.01 0.34 
 
P 0.21 0.68 0.77 0.47 0.64 0.69 0.39 0.91 0.01** 
Other 
European          
 
r 0.12 -0.11 -
1
 -0.09 -0.01 -0.14 -0.12 -0.06 -0.1 
 
P 0.23 0.35 0 0.47 0.94 0.23 0.3 0.64 0.44 
Caucasian 
         
 
r 0.13 0.15 0.41 -0.02 0.03 -0.15 0.16 -0.08 0.04 
 
P 0.21 0.21 0.00** 0.9 0.83 0.2 0.17 0.54 0.75 
Other 
         
 
r -0.05 -
1
 0.08 -0.09 -0.1 -0.1 -0.09 -0.06 -0.07 
  P 0.62 0 0.52 0.47 0.43 0.4 0.47 0.64 0.59 
1
  Unobtainable as intake value was constant for this group 
r  Pearson’s Correlation Coefficient 
P  P-value 
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Table 18: Race and Ethnicity Correlated to Total Vegetable Intake Over 
Time in All Subjects 
    
12 
months 
18 
months 
2 
years 
2.5 
years 
3 
years 
3.5 
years 
4 
years 
4.5 
years 
5 
years 
African 
American          
 
r -0.08 0.12 -0.12 -0.29 -0.01 0.27 0.1 -0.03 -0.26 
 
P 0.43 0.33 0.35 0.01* 0.03* 0.03* 0.39 0.83 0.04* 
Hispanic 
         
 
r 0.12 -0.14 0.22 -0.09 -0.13 -0.06 0.02 -0.15 -0.07 
 
P 0.25 0.25 0.08 0.47 0.27 0.6 0.89 0.23 0.57 
Other 
European          
 
r 0.04 -0.17 -
1
 -0.07 0.07 -0.11 -0.01 0.08 -0.1 
 
P 0.68 0.16 0 0.57 0.56 0.38 0.95 0.52 0.43 
Caucasian 
         
 
r 0 0 -0.02 0.37 0.08 -0.18 -0.11 0.08 0.4 
 
P 0.97 0.97 0.85 0.00** 0.52 0.13 0.37 0.5 0.00** 
Other 
         
 
r 0.03 -
1
 0.07 -0.02 -0.06 -0.08 -0.04 0.03 -0.12 
  P 0.74 0 0.56 0.85 0.64 0.52 0.74 0.79 0.37 
1
  Unobtainable as intake value was constant for this group 
r  Pearson’s Correlation Coefficient 
P  P-value 
 
Table 19: Race and Ethnicity Correlated to Vegetable Intake Excluding 
French Fries Over Time in All Subjects 
    
12 
months 
18 
months 
2 
years 
2.5 
years 
3 
years 
3.5 
years 
4 
years 
4.5 
years 
5 
years 
African 
American          
 
r -0.1 0.06 -0.11 -0.24 -0.08 0.25 -0.02 -0.03 -0.26 
 
P 0.34 0.6 0.39 0.05* 0.49 .03* 0.85 0.82 0.04* 
Hispanic 
         
 
r 0.16 -0.11 0.31 -0.06 -0.06 -0.06 0.04 -0.11 -0.14 
 
P 0.12 0.33 0.01* 0.61 0.63 0.63 0.75 0.37 0.26 
Other 
European          
 
r 0.05 -0.13 -
1
 -0.11 0.13 -0.08 -0.07 0.1 -0.08 
 
P 0.65 0.29 0 0.35 0.28 0.51 0.55 0.45 0.52 
Caucasian 
         
 
r 0.01 0.03 -0.07 0.33 0.11 -0.19 0.06 0.06 0.4 
 
P 0.92 0.82 0.56 0.00** 0.37 0.11 0.63 0.66 0.00** 
Other 
         
 
r -0.01 -
1
 0.03 -0.11 -0.12 -0.06 -0.13 0.05 -0.1 
  P 0.9 0 0.81 0.38 0.31 0.63 0.29 0.7 0.42 
1
  Unobtainable as intake value was constant for this group 
r  Pearson’s Correlation Coefficient 
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P  P-value 
Maternal Smoking Status 
 
 Maternal smoking status was negatively correlated to normal BMI 
percentile at 5 years of age (p=-0.26) and positively correlated to overweight BMI 
percentile at 5 years of age as seen in Table 20. 
Table 20: Maternal Smoking Status Correlated to BMI Percentile at 5 Years 
of Age in All Subjects 
Maternal Smoking Status  Healthy Weight Overweight Obese 
Never Smoked 
r .14 -.16 -.07 
P .24 .19 .54 
Smoked, Not While 
Pregnant 
r .10 -.09 -.01 
P .40 .47 .90 
Smoked While Pregnant 
r -.26* .27* .10 
P .03 .03 .43 
r  Pearson’s Correlation Coefficient 
P  P-value 
Additionally, maternal smoking during pregnancy was positively correlated 
with underweight BMI percentile at 2.5 years of age (p=0.026), 3 years of age 
(p=0.003), and 4 years of age (p=0.032). Smoking before pregnancy was 
negatively correlated with vegetable intake excluding juice at 18 months of age 
(p=0.04) and fruit intake excluding juice at 2 years of age (p=0.05).  
Television Viewing 
 
Television data was reported as hours of use in the home as well as hours 
viewed by the subject. As seen in Table 21 no significant correlations between 
television viewing from12 months to 2.5 years of age and BMI percentile at 5 
years of age were found. However, television viewing did correlate with a number 
of BMI percentiles at other ages.  
Reported hours of home television use at 12 months of age was positively 
correlated to overweight BMI percentile at 12 months of age (p=0.017) and obese 
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BMI percentile at 3.5 years of age (p=0.026) as well as negatively associated 
with underweight BMI percentile at 3 years of age (p=0.018) and 4 years of age 
(p=0.040). Hours of home television use at 2 years of age were positively 
associated with obese BMI percentile at 3 years of age (p=0.001) and 3.5 years 
of age (p=0.024). No associations were found between hours of home television 
use at 18 months or 2.5 years of age and BMI percentile. 
Hours of television viewed by the child at 18 months and 2.5 years of age 
were associated with BMI percentile. Hours of television viewed by the child at 18 
months of age were positively correlated to underweight BMI percentile at 2 
years of age (p=0.028), 3 years of age (p=0.006) and 4 years of age (p=0.020). 
Hours of television watched by the child at 2.5 years of age were positively 
correlated to overweight BMI percentile at 2.5 years of age (p=0.032) and obese 
BMI percentile at 18 months of age (p=0.039) as well as negatively correlated 
with underweight BMI percentile at 3 years of age (p=0.043). Television viewed 
at 12 months and 2 years of age were not significantly correlated to BMI 
percentile. 
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Table 21: Television Viewing Correlated to BMI Percentile at 5 Years of Age 
in All Subjects 
TV Viewing Age  Healthy Weight Overweight Obese 
TV On Time 
1
2
 m
o
n
th
s
 
r -.15 .12 .07 
P .22 .32 .55 
Child TV Watch 
r -.03 .09 -.02 
P .82 .49 .85 
TV On Time 
1
8
 m
o
n
th
s
 
r -.07 .04 .08 
P .58 .76 .55 
Child TV Watch 
r -.20 .21 .08 
P .11 .10 .52 
TV On Time 
2
 y
e
a
rs
 r -.13 -.07 .15 
P .31 .56 .22 
Child TV Watch 
r .03 -.03 .00 
P .79 .82 1.00 
TV On Time 
2
.5
 y
e
a
rs
 
r -.03 .02 .02 
P .84 .88 .85 
Child TV Watch 
r -.13 .05 .11 
P .31 .67 .38 
r  Pearson’s Correlation Coefficient 
P  P-value 
Reported hours of home television use at the subject’s 12-month clinic 
visit was positively correlated to total vegetable intake at 12 months of age 
(p=0.03). Reported hours of home television use at 2 years of age was negatively 
correlated to total fruit intake at two years of age (p=0.04). 
 Hours of television viewed by the child at 12 months of age was negatively 
correlated to total vegetable intake at 4.5 years of age (p=0.04). Hours of 
television viewed by the child at 2 years of age was positively correlated to total 
vegetable intake and vegetable intake excluding French fries at 12 months of age 
(p=0.02, 0.03) as well as total fruit intake at 4.5 years of age (p=0.03).  
Hours of television viewed by the child at 2.5 years of age was positively 
total fruit intake at 18 months (p=0.02), and 2 years of age (p=0.05) as well as 
negatively correlated to vegetable intake excluding French fries at 4 years of age 
(p=0.03). 
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Total Daily Energy Intake 
 Table 22 shows the mean total energy intake over time by BMI group. As 
seen in Figure 8 caloric intakes of BMI groups at 12 months and 5 years of age 
are very similar. Energy intake in those with overweight and obese BMI 
percentiles at 5 years of age fluctuates more between 12 months and 5 years of 
age compared to energy intake in those with healthy weight BMI.  
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Table 22: Total Daily Energy Intake Over Time by BMI Category at 5 Years 
of Age 
BMI Group Age Mean ± SD Minimum Maximum 
Healthy 
Weight 
1
2
 m
o
n
th
s
  
1095 ± 328 444 1860 
Overweight 1210 ± 350 816 1651 
Obese 1228 ± 393 654 1858 
Healthy 
Weight 
1
8
 m
o
n
th
s
 
1289 ± 358 562 1994 
Overweight 1383 ± 458 838 2040 
Obese 1293 ± 507 501 2150 
Healthy 
Weight 
2
 y
e
a
rs
 
1387 ± 424 636 2169 
Overweight 1674 ± 350 1257 2416 
Obese 1464 ± 537 778 2281 
Healthy 
Weight 
2
.5
 y
e
a
rs
 
1436 ± 388 726 2436 
Overweight 1546 ± 334 978 2045 
Obese 1570 ± 237 1163 1904 
Healthy 
Weight 
3
 y
e
a
rs
 
1484 ± 377 792 2360 
Overweight 1518 ± 456 894 2558 
Obese 1756 ± 341 1042 2220 
Healthy 
Weight 
3
.5
 y
e
a
rs
 
1502 ± 532 622 2927 
Overweight 1493 ± 387 938 2071 
Obese 1964 ± 474 1446 3057 
Healthy 
Weight 
4
 y
e
a
rs
 
1646 ± 573 669 3239 
Overweight 1630 ± 293 933 2035 
Obese 1576 ± 468 984 2710 
Healthy 
Weight 
4
.5
 y
e
a
rs
 
1678 ± 545 897 2981 
Overweight 1688 ± 179 1376 1956 
Obese 1789 ± 671 1056 2882 
Healthy 
Weight 
5
 y
e
a
rs
 1895 ± 628 823 3179 
Overweight 1650 ± 223 1311 2029 
Obese 1699 ± 472 1020 2676 
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Figure 8: Mean Daily Energy Intake Over Time by BMI Category at 5 Years 
of Age 
 
 
 
 Table 22 shows mean daily energy intake over time correlated to BMI 
category at 5 years of age. Only two significant correlations were found. Obese 
BMI percentile was positively correlated to total daily energy intake at 3 and 3.5 
years of age. 
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Table 23: Energy Intake Correlated to BMI Percentile at 5 Years of Age 
Age   
Healthy 
Weight 
Overweight Obese 
12 months 
r -0.18 0.08 0.13 
P 0.16 0.51 0.29 
18 months 
r -0.05 0.08 -0.02 
P 0.68 0.55 0.91 
2 years 
r -0.21 0.24 0.01 
P 0.12 0.07 0.94 
2.5 years 
r -0.13 0.09 0.14 
P 0.31 0.49 0.30 
3 years 
r -0.20 -0.03 0.29 
P 0.11 0.80 0.02* 
3.5 years 
r -0.22 0.08 0.36 
P 0.08 0.53 0.00** 
4 years 
r 0.04 0.00 -0.05 
P 0.76 0.99 0.71 
4.5 years 
r -0.04 0.00 0.08 
P 0.77 0.97 0.52 
5 years 
r 0.19 -0.15 -0.10 
P 0.16 0.27 0.44 
r  Pearson’s Correlation Coefficient 
P  P-value 
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CHAPTER V 
Discussion 
 This study finds overweight and obesity rates rise as children get older, with 
the most dramatic change occurring at 3 years of age. Fruit and vegetable intake 
does not appear to be predictive of either healthy weight or overweight and 
obesity at 5 years of age, similar to previous studies (1, 2, 25). Maternal smoking 
during pregnancy was positively correlated to overweight at 5 years of age, and 
was negatively correlated to healthy weight at 5 years of age. This is consistent 
with a previous analysis of the same cohort (36) as well as current literature (41-
44).  
 While no correlation was found between fruit and vegetable intake and BMI 
percentile at 5 years of age, some differences in intake were observed between 
BMI groups. The healthy weight group met or exceeded recommendations for 
fruit intake including juice at all but one age (5 years), whereas the overweight 
group did not meet fruit recommendations at five ages. The obese group also did 
not meet fruit recommendations at only one age (4.5 years). For vegetable intake 
including French fries the healthy weight group met recommendations at five 
ages, while the overweight group met recommendations at four ages and the 
obese group met recommendations at seven ages.  
 Energy intake over time also differed slightly between groups. At 12 months 
of age the healthy weight, overweight, and obese groups had very similar mean 
energy intakes, within 133 calories. And again at 5 years of age mean energy 
intake in the normal weight, overweight, and obese groups was similar, within 
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200 calories. However, when evaluating the trend of mean caloric intake over 
time among each group the healthy weight group has a steady upward trend 
while the overweight and obese groups have increases and decreases over the 
years.  
 Unlike other studies (45-48), income was not related to BMI percentile in 
this population. Income was however positively correlated with an increased fruit 
intake. This discrepancy could be attributed to the way income was measured in 
this study from subject’s zip code. The correlation seen between higher income 
and higher fruit intake could signify a relationship between eating pattern and 
neighborhood rather than income. This is consistent with a previously reported 
association between community and nutrition intake in Michigan (45). 
 African American race was negatively correlated to overweight and obesity 
and positively correlated to normal weight in this population despite being 
negatively correlated with fruit and vegetable intake at a number of study time 
points. Conversely, Hispanic ethnicity was positively correlated to overweight and 
obesity as well as negatively correlated to normal weight while being positively 
correlated with fruit and vegetable intake. This puzzling dynamic is also present 
in national studies. NHANES data from 2009-2010 show slightly higher rates of 
overweight but not obesity in Hispanic children (33.1% overweight, 16.2% obese) 
compared to Non-Hispanic black children (28.9% overweight, 18.9% obese) (10). 
NHANES data from 1992-2002 showed Mexican American children in the United 
States consumed significantly more fruit (1.16) than did Non-Hispanic African 
American children (1.05 servings) (15).  
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 This relationship between African American children who consume fewer 
fruits and vegetables and have lower rates of overweight and obesity than 
Hispanic children who consume more fruit but have higher rates of overweight 
and obesity is perplexing. It is likely that physical activity or genetic factors are in 
play, neither of which were controlled for in this study or in previous analyses. 
 This population had 15.7% overweight and 20.0% obesity at age five. 
Compared to national figures of 26.7% overweight and 12.1% obesity (10), this 
study population contains more obese and fewer overweight children. Potential 
reasons for this discrepancy with national data include a difference in racial and 
ethnic distribution of the samples. Ogden, et al. gleaned data from the NHANES 
2009-2010 population which was 19.3% Non-Hispanic Black, 33.5% Non-
Hispanic White, and 40.4% Hispanic, compared to this population which was 
65.7% African American, 24.3% Caucasian, and 7.1% Hispanic. 
 According to previous studies 2 to 5 year olds consume on average 1.29 
cups of fruit and 0.76 cups of vegetables per day. This study population 
consumed an average of 1.02 cups fruit and 0.93 cups of vegetables at 5 years 
of age.  Of those averages 58% of fruit intake was comprised of juice and 17% of 
total vegetable intake was composed of French fries compared to 38% and 28% 
nationwide. This study population consumes more vegetables and more fruit 
juice compared to national statistics.  
 While fruit and vegetable intake was not shown in this analysis to affect BMI 
percentile, many possible mechanisms for an affect exist. One previously studied 
mechanism is energy density. In adults, evidence suggests those who eat the 
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recommended amounts of fruits and vegetables have lower body weights and 
lower energy dense diets compared to those who do not (49). Similarly, 
Vernarelli et al. found dietary energy density was positively associated with body 
weight in children aged 2 to 8 years while low-energy dense diets contained 
higher amounts of fruits and vegetables (28). Various intervention studies have 
shown replacing higher energy-dense foods with fruits and vegetables was 
associated with increased satiety and lower energy intake in adults (50). These 
studies were however, conducted in adults, making generalizability to children 
difficult, and often they were not specifically designed to test fruit and vegetable 
intake.  
 When originally proposed this study was to conduct a longitudinal analysis 
of fruit and vegetable intake with BMI following specific individuals. However, 
only seven participants had all 9 recalls available with none deemed unreliable 
by the research staff. This lack of subject volume required a change in plans for 
analysis at which time it was observed that no trend in fruit or vegetable intake 
occurred over the study period as anticipated. Generally, all the subjects were 
consuming very few fruit and vegetables at each age of assessment. This over-
all low intake of fruits and vegetables could potentially account for the lack of 
relationship between fruit and vegetable intake and BMI percentile. 
Limitations  
 An obvious limitation in this study is the absence of physical activity data, 
which is related to energy balance and shown to correlate with BMI in children 
(51). Television viewing time was collected to potentially control for sedentary 
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behavior, however data were only available through 2.5 years of age. Additionally, 
errors may exist in 24-hour recalls from older children as many of them had 
trouble remembering what they ate at school or day care. 
Future studies 
 Due to the relationship identified in other research and here between 
income and diet pattern and incidence of overweight and obesity it is evident we 
need to find an intervention that is appropriate for lower income families.  
 Also important would be to find an intervention to combat maternal smoking 
during pregnancy, which was strongly associated to increased overweight and 
obesity in this analysis and elsewhere. 
 More longitudinal cohort studies evaluating childhood eating patterns and 
lifestyle behaviors are still needed to further illuminate the reason for increasing 
childhood overweight and obesity. Controlling for confounding variables is 
challenging when studying overweight and obesity. Future studies must better 
assess confounders like physical activity, calorie intake, screen time, parental 
income, and genetic factors.  
Indications for Clinical Practice 
 Childhood overweight and obesity is a multi-factorial disease requiring 
interventions in many areas. There is no magic pill or single sure-fire way to 
change a child’s overweight or obesity risk. All factors must be considered when 
evaluating overweight and obesity treatment including environmental exposures, 
diet, physical activity, family environment, socioeconomic status, and community. 
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APPENDIX A 
 
Parent Consent Form: Original Study Birth-18 months 
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APPENDIX B 
Parent Consent Form: Follow-up Study 2-6 Years 
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APPENDIX C 
 
Subject Demographic Data Collection Form 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 INVESTIGATOR PROTOCOL  RANDOM CODE  DATE 
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 CARLSON HSC #10205       
           
DEMOGRAPHICS 
           
Maternal 
Education         
           
Paternal 
Education         
           
Does anyone living in the child's home smoke?      
 No Yes
 If yes, how many people smoke & how many ppd?  
__________________ 
List any maternal allergies: 
_________________________________________________________________ 
Including the child enrolled in this study, how many children 13 years of age or younger live in your 
house? 
 1    2    3    4    5    6 or more
Do any pets live in the child's home?       
 No Yes  If yes, how many pets?  __________________________ 
  
  What kind? 
________________________________________________ 
Do you take your child to a daycare (facility or homecare) with other infants and children? 
 No        
 Yes, with 1 to 5 children       
 Yes, with 6 to 10 children       
 Yes, with more than 10 children      
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APPENDIX D 
Subject Anthropometric Data Collection Form 
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INVESTIGATOR PROTOCOL 
 
INITIALS 
 
RANDOM CODE 
 
DOB 
 
CARLSON HSC #10205 
 
  
 
  
 
  
           ANTHROPOMETRICS 
           
 
2 Year Visit 
 
Weight 
  
  g 
 
 
  
    
  
  
 
      
 
Length 
  
  cm 
 
MO DA YEAR 
    
  
  
     
Head 
circumference 
 
  cm 
                
           
 
2.5 Year Visit 
 
Weight 
  
  g 
 
 
  
    
  
  
 
      
 
Length 
  
  cm 
 
MO DA YEAR 
    
  
  
     
Head 
circumference 
 
  cm 
                
           
 
3 Year Visit 
 
Weight 
  
  g 
 
 
  
    
  
  
 
      
 
Length 
  
  cm 
 
MO DA YEAR 
    
  
  
     
Head 
circumference 
 
  cm 
                
           
 
3.5 Year Visit 
 
Weight 
  
  g 
 
 
  
    
  
  
 
      
 
Length 
  
  cm 
 
MO DA YEAR 
    
  
  
     
Head 
circumference 
 
  cm 
                
           
 
4 Year Visit 
 
Weight 
  
  g 
 
 
  
    
  
  
 
      
 
Length 
  
  cm 
 
MO DA YEAR 
    
  
  
     
Head 
circumference 
 
  cm 
                
 
 
INVESTIGATOR PROTOCOL 
 
INITIALS 
 
RANDOM CODE 
 
DOB 
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CARLSON HSC #10205 
 
  
 
  
 
  
           
ANTHROPOMETRICS PAGE 2 
           
 
4.5 Year Visit 
 
Weight 
  
  g 
 
 
  
    
  
  
 
      
 
Length 
  
  cm 
 
MO DA YEAR 
    
  
  
     
Head 
circumference 
 
  cm 
                      
           
 
5 Year Visit 
 
Weight 
  
  g 
 
 
  
    
  
  
 
      
 
Length 
  
  cm 
 
MO DA YEAR 
    
  
  
     
Head 
circumference 
 
  cm 
                
           
 
5.5 Year Visit 
 
Weight 
  
  g 
 
 
  
    
  
  
 
      
 
Length 
  
  cm 
 
MO DA YEAR 
    
  
  
     
Head 
circumference 
 
  cm 
                      
           
 
6 Year Visit 
 
Weight 
  
  g 
 
 
  
    
  
  
 
      
 
Length 
  
  cm 
 
MO DA YEAR 
    
  
  
     
Head 
circumference 
 
  cm 
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APPENDIX E 
24-Hour Dietary Recall Form 
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24-Hour Dietary Recall Form 
Visit:_________         
          
Random 
#___________________ 
   Date of 
Intake:____________ DOB:___________ EDC:__________ 
          
Time Food/Beverage Ingredients/Preparation Amount 
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
          
Intake: Typical      More than Usual          Less than Usual         Why? _______________________________ 
_________________________________________________________________________________________ 
Recall:  Reliable     Unable to recall meals?  Unreliable for other reasons?  Why? _______________________ 
_________________________________________________________________________________________ 
          
Vitamin/Mineral/Supplement Use?  __________________________________________________________ 
          
Home / Daycare / Babysitter                          Number of people responsible for feeding _______________ 
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APPENDIX F 
NDS-R Food Groups Output 
  
       Interviewer Initials: _______ 
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Subgroup Name Includes/Examples Excludes/Examples Serving Size 
Citrus Juice 1.  100% citrus juice  
(sweetened or  
unsweetened orange, 
grapefruit, tangerine) 
2.  Frozen concentrate  
1.  Drinks with < 100%  
juice  
2.  Fruit juice bars are 
not 100% juice  
4 fluid ounces  
 
Fruit Juice 
excluding Citrus 
Juice 
1.  100% juice  
(sweetened or  
unsweetened)  
2.  Frozen concentrate  
  
 
1.  Drinks with < 100%  
juice  
2.  Cranberry drinks are  
not 100% juice  
3.  Fruit juice bars are 
not 100% juice  
4. Fruit nectars are not  
100% juice  
4 fluid ounces  
 
Citrus Fruit 1.  Fresh, cooked and  
canned citrus fruits  
(e.g., oranges, grapefruit, 
tangerines, lemons)  
2.  Citrus fruit in recipes 
(e.g., salads,  
Jell-O)  
 
1.  Fruits other than 
citrus fruits  
2.  Jam, jelly, 
marmalade  
 
1.  Fresh, frozen,  
canned, or cooked  
= ½ cup chopped  
or default form  
2.  1 medium piece  
when appropriate  
(e.g., 1 medium  
orange)  
3.  ½ fresh grapefruit  
4.  Dried = ¼ cup 
Fruit  
excluding  
Citrus Fruit  
 
 
 
1.  Fresh, frozen,  
cooked, canned,  
and dried  
2.  Fruit in recipes  
(e.g., salads, Jell-O,  
caramel apple)  
3.  Fruit relish, or salsa  
4.  Fruit in cereal if  
actual fruit pieces  
(e.g., raisins)  
 
1.  Citrus fruits (e.g.,  
oranges, grapefruit,  
tangerines, lemons)  
2.  Fruit in:   
     Baked goods, 
desserts, Pies, Trail 
mix, candy (e.g., 
chocolate  
covered raisins), 
Granola bars, Ice 
cream  
3.  Maraschino cherries  
4.  Fruit leather or fruit  
roll-ups  
5.  Jam, jelly, 
marmalade   
6.  Fruit relishes if 
“pickled”  
1.  Fresh, frozen,  
canned, or cooked  
= ½ cup chopped  
or default form  
2.  1 medium piece  
when appropriate  
(e.g., 1 medium  
banana)  
3.  Dried = ¼ cup  
 
Avocado and  
Similar    
  ½ cup chopped or  
default form  
Fried Fruits 1 1.  Fried bananas  
2.  Fried apples  
 ½ cup chopped or  
default form 
Fruit-based  
Savory Snack  
1.  Apple chips  
2.  Banana chips 
 1 ounce  
 
Dark-green  
Vegetables  
1.  Raw, cooked, and  
canned  
2.  Dark-green vegetables 
(e.g., broccoli, spinach, 
romaine, collards)  
Fried and/or breaded  
vegetables (e.g., 
breaded  
broccoli)  
 
1.  Raw, cooked, or  
canned = ½ cup  
chopped or default  
form  
2.  Raw leafy  
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3.  Vegetable in  
recipes (e.g., stew,  
soup)  
vegetables = 1 cup  
 
Deep-yellow  
Vegetables  
1.  Raw, cooked, and  
canned  
2.  Deep-yellow 
vegetables (e.g., carrots, 
pumpkin, sweet potatoes, 
winter squash)  
3.  Vegetable in recipes 
(e.g., stew, soup)  
Fried and/or breaded  
vegetables (e.g., 
breaded  
squash)  
 
Raw, cooked, or  
canned = ½ cup  
chopped or default  
form  
 
Tomato   1.  Raw, cooked and  
canned tomato  
2.  Salsa  
3.  Tomato sauce  
4.  Spaghetti sauce  
5.  Tomato-based sauce  
6.  Tomato puree  
7.  Tomato paste  
8.  Tomato in recipes  
(e.g., stew, soup)  
1.  Catsup  
2.  Steak sauce  
3.  Cocktail sauce  
 
1.  ½ cup chopped 
or  
default form  
2.  Tomato sauce = 
½  
cup  
3.  Tomato puree = 
¼  
cup  
4.  Tomato paste = 
¼  
cup  
 
White  
Potatoes  
1.  Baked, boiled, and  
canned white potatoes  
2.  Potatoes in recipes  
(e.g., stew) 
 1.  ½ cup chopped 
or  
default form  
2.  1 medium baked  
potato  
 
Fried  
Potatoes  
 
1.  French fries  
2.  Hash browns  
3.  Pan fried potatoes  
4.  Potato tots 
Potato chips  
 
1.  ½ cup chopped 
or  
default form  
2.  French fries = 70 
g  
 
Other Starchy  
Vegetables 
1.  Raw, cooked, and  
canned  
2.  Starchy vegetables  
(e.g., cassava, corn, 
green peas, jicama)  
3.  Vegetable in recipes 
(e.g., stew, soup)  
4.  Vegetables with more 
starch than peas 
1.  Fried and/or 
breaded  
vegetables   
2.  Mixed vegetables 
with a starchy 
vegetable  
 
1.  Raw, cooked, or  
canned = ½ cup 
chopped or default 
form  
2.  Raw leafy  
vegetables = 1 cup  
  
 
Legumes  
(cooked dried  
beans)  
 
 
1. Dried beans  
2. Mature lima beans  
3. Refried beans  
4. Beans in sauce  
(e.g., pork and beans)  
5. Beans in recipes  
(e.g., stew, soup)  
 
1.  Soy-based desserts  
(e.g., Tofutti)  
2.  TVP, products with  
TVP (e.g., veggie 
burgers, meat with 
TVP)  
3.  Soy nuts  
4.  Tofu  
5.  Tempeh  
1.  Cooked dry 
beans =  
½ cup  
2.  Refried beans = 
½  
cup  
3.  Beans in sauce = 
½  
cup  
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Other  
Vegetables  
1.  Raw, cooked and 
canned  
2.  Vegetable in  
recipes (e.g., stew, soup)  
3.  Vegetable relishes   
4.  Mixed vegetables  
from other categories 
(e.g., peas and carrots;  
corn, peas, lima beans)  
1.  Olives  
2.  Pickles and pickled  
vegetables (e.g.,  
sauerkraut)  
 
1.  Raw, cooked, or  
canned = ½ cup  
chopped or default  
form  
2.  Raw leafy  
vegetables = 1 cup  
 
Fried  
Vegetables  
  
1.  Fried and/or breaded 
vegetables (e.g., breaded 
broccoli, mushrooms, 
eggplant)  
2.  Onion rings  
 ½ cup chopped or  
default form  
 
Vegetable  
Juice  
100% juice 1.  Drinks with < 100%  
juice  
2.  Clamato juice is not  
100% juice  
4 fluid ounces  
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APPENDIX G 
Excluded Dietary Recalls 
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Unable to recall one or more meals: 95 total 
Subject 74 at 12 months 
Subject 124 at 12 months 
 
Subject 2 at 18 months 
Subject 46 at 18 months 
Subject 60 at 18 months 
Subject 84 at 18 months 
Subject 89 at 18 months 
Subject 91 at 18 months 
Subject 125 at 18 months 
 
Subject 5 at 2 years 
Subject 24 at 2 years 
Subject 35 at 2 years 
Subject 43 at 2 years 
Subject 62 at 2 years 
Subject 102 at 2 years 
Subject 103 at 2 years 
 
Subject 9 at 2.5 years 
Subject 139 at 2.5 years 
 
Subject 103 at 3 years 
 
Subject 46 at 3.5 years 
Subject 108 at 3.5 years 
Subject 127 at 3.5 years 
 
Subject 97 at 4 years 
Subject 102 at 4 years 
Subject 135 at 4 years 
Subject 148 at 4 years 
Subject 154 at 4 years 
 
Subject 32 at 4.5 years 
Subject 48 at 4.5 years 
Subject 102 at 4.5 years 
Subject 110 at 4.5 years 
Subject 112 at 4.5 years 
Subject 120 at 4.5 years 
Subject 131 at 4.5 years 
 
Subject 35 at 5 years 
Subject 48 at 5 years 
Subject 75 at 5 years 
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Subject 77 at 5 years 
Subject 88 at 5 years 
Subject 100 at 5 years 
Subject 112 at 5 years 
Subject 113 at 5 years 
Subject 120 at 5 years 
Subject 124 at 5 years 
Subject 131 at 5 years 
Subject 134 at 5 years 
 
Over reporting (>200 kcals/kg):_23 total  
Subject 59 at 12 months 
Subject 95 at 12 months 
 
Subject 4 at 18 months 
Subject 19 at 18 months 
Subject 98 at 18 months 
Subject 120 at 18 months  
Subject 121 at 18 months 
Subject 147 at 18 months  
 
Subject 88 at 2 years 
Subject 120 at 2 years 
Subject 143 at 2 years 
Subject 147 at 2 years  
 
Subject 97 at 2.5 years 
Subject 108 at 2.5 years 
 
Underreporting (<40 kcal/kg):_54 total 
Subject 42 at 12 months 
Subject 118 at 12 months 
 
Subject 87 at 18 months 
Subject 89 at 18 months 
 
Subject 35 at 2 years 
 
Subject 9 at 4 years 
Subject 46 at 4 years 
Subject 97 at 4 years  
 
Subject 9 at 4.5 years 
Subject 32 at 4.5 years 
Subject 48 at 4.5 years 
Subject 62 at 4.5 years 
 
92 
 
Subject 110 at 4.5 years 
Subject 112 at 4.5 years 
 
Subject 35 at 5 years 
Subject 77 at 5 years 
Subject 97 at 5 years 
Subject 112 at 5 years 
Subject 134 at 5 years  
